Conclusion: Zones of conduction block, regional differences in signal amplitude, and multiple endocardial breakthrough sites are frequent causes for mismatch between BSM and basket catheter activation
Introduction
Body surface mapping (BSM) can be used as a noninvasive tool to determine the site of earliest endocardial activation of postinfarction ventricular tachycardia (VT). For this purpose, integral maps of the total QRS complex acquired with multiple body surface leads are compared with a reference database of QRS integral maps previously obtained during endocardial pace mapping. 1 It is well known that the mechanism underlying postinfarction VT can be attributed to reentry and that the arrhythmogenic substrate often is situated in the subendocardium. [2] [3] [4] The endocardial exit site, i.e., the site where surviving strands of myocardial bers are connected to the noninfarcted myocardium, can be considered as an electrophysiologically well-de ned anatomic landmark of the arrhythmogenic substrate. This landmark can be used as a starting point to identify other parts of the reentrant circuit, such as the central common pathway, which often is used as a direct target for radiofrequency or surgical ablation. 5 Because of its greater spatial resolution, BSM has been shown to be superior to the conventional 12-lead ECG for assessment of the VT exit site. 6, 7 However, the potential at every point on the body surface is determined by summation of the electric activity in the entire heart. This implies that not only the site of earliest endocardial and epicardial activation, but also the global spread of activation, will contribute to genesis of the QRS complex on the surface ECG. In the structurally normal left ventricle, BSM is capable of providing a high spatial VT localization resolution. 5 In patients with prior myocardial infarction, the spread of activation during VT may be profoundl y affected due to structural and functional changes, which may cause a spatial mismatch between the endocardial and epicardial breakthrough site. 8 This may partly explain why BSM is able to assess the exact endocardial exit site of postinfarction VT in only 60% to 70% of cases whereas it offers an approximation of the origin in an additional 25% of cases. 1 To date, there have been no clinical studies reported in which the total body surface QRS morphology was simul-taneously compared with the endocardial spread of left ventricular activation. The aim of this study was to identify mechanisms that may cause BSM to fail in assessing the correct site of earliest endocardial activation in patients with prior myocardial infarction. To reach this goal, we simultaneously recorded 62 body surface potentials and 64 endocardial unipolar left ventricular electrograms using a basket catheter in patients with VT remote after myocardial infarction. The endocardial breakthrough site and the BSM-determined site of origin were compared during VT and endocardial pacing. These data were evaluated with respect to the patterns of left ventricular activation.
Methods

Patient Selection
All patients admitted to our hospital between November 1997 and February 1999 for antiarrhythmic surgery or radiofrequency catheter ablation of infarct-related VT were considered for inclusion in this study. Speci c eligibility criteria included (1) documented recurrent ventricular arrhythmias with or without aborted sudden cardiac death, and (2) inducible sustained monomorphi c VT during programmed electrical stimulation. Transthoracic echocardiography was applied to assess the dimensions of the left ventricle and to exclude the presence of a mural left ventricular thrombus or signi cant aortic valve disease, because these conditions can interfere with safe deployment of the basket catheter. All antiarrhythmic drugs were discontinued for at least ve drug elimination half-lives before the study. The research protocol was approved by the Ethical Committee of the St. Antonius Hospital. Prior written informed consent was obtained.
Electrophysiologic Study
Induction of VT was carried out using a routine stimulation protocol including delivery of up to three extrastimuli following a drive train of eight stimuli (2-msec pulse width at twice diastolic threshold current) with three different cycle lengths (600, 500, and 430 msec). A 6-French quadripolar catheter was positioned at the right ventricular apex or right ventricular out ow tract for this purpose.
If VT proved to be inducible, a 64-electrode unipolar basket catheter (Constellation Catheter;™ Boston Scienti c, Inc., Natick, MA, USA) was inserted percutaneously after termination of VT. In a subset of nine patients, pace mapping during sinus rhythm with the basket catheter was performed before renewed induction of VT was attempted. The threshold was determined separately for each electrode of the basket catheter and, if capture could be obtained, pacing just above the current threshold with a drive cycle of 500 msec was performed.
Data Acquisition and Mapping
Data from the endocardial basket catheter and BSM electrodes were recorded simultaneously on a battery-powered 128-channel digital acquisition device. 9, 10 Analog-todigital conversion occurred at a sampling frequency of 2 kHz, 16-bit resolution, and bitstep of 2 mV/bit. Wilson's central terminal was used as reference for unipolar surface ECGs. The ampli er system had a bandpass characteristic using a frequency range from 0.16 to 400 Hz (3-dB frequencies). Data were transmitted using a beroptic transmission unit and stored in a Pentium-based PC.
Body Surface Mapping
Body surface ECGs were recorded using a radiotransparent carbon unipolar electrode grid that does not interfere with uoroscopic imaging during catheterization. The 62 electrodes were positioned in 14 exible vertical straps that were applied on the anterior and posterior thoracic surfaces, as described elsewhere. 11 A mean of 2.0 6 1.8 leads per map were rejected because of unsatisfactory signal quality and were replaced by a value computed from neighboring electrodes. Our methods of processing and analysis were described previously. 12 In short, after performing a baseline correction to exclude any possible contribution of baseline drift or interelectrode offset difference, the beginning and end of the QRS complex were set at the time instant at which one of the extreme amplitudes reached . 0.2 mV and at the J point, respectively. A QRS integral map was computed for each VT and for every paced ventricular complex. Each VT and paced QRS integral map pattern was correlated with an anterior or inferior myocardial infarction database comprising mean paced QRS integral maps produced previously at 18 and 22 different speci c endocardial segments, respectively ( Figs. 1 and 2 ). 13 Pattern matching of QRS integral maps was performed both visually and mathematically using correlation coef cients. 13, 14 Visual analysis involved comparison of the position and orientation of the extremes and the morphology of the zero line.
Multielectrode Endocardial Mapping
Catheter placement
The basket catheter consists of eight self-expanding nitinol splines mounted on a 110-cm long, 8-French catheter shaft. Each spline has eight symmetrically arranged electrodes. Selection of catheter size was based on the dimensions of the left ventricle as determined by two-dimensional transthoracic echocardiography. In our series, a basket catheter with a diameter of either 75 or 94 mm was chosen, resulting in a vertical interelectrode spacing of 7 or 9 mm, respectively. Horizontal interelectrode distance varied with positioning and deployment of the catheter. An 11-French introducer was inserted in the right femoral artery using the standard Judkins technique to advance a 7-French pigtail catheter into the left ventricle. Then, a long 10-French guiding sheath was placed in the left ventricle across the aortic valve over the pigtail catheter, and the collapsed basket catheter was advanced through the guiding sheath in the left ventricle after removal of the pigtail catheter. The guiding sheath was pulled back, allowing deployment of the basket catheter in the left ventricle. The activated clotting time was kept longer than 300 seconds by full heparinization to avoid thromboembolic complications. A 6-French quadripolar catheter was inserted percutaneously through the right femoral vein and positioned in the intra-abdominal part of the inferior caval vein to serve as a far-eld recording and pacing reference electrode for the unipolar basket catheter electrodes.
Fluoroscopic localization of the basket catheter
Because basket catheter positioning varies from patient to patient, the exact position of the individual basket electrodes was determined using biplane right anterior oblique (RAO) and left anterior oblique (LAO) digital cine uoroscopy (Philips Medical Systems Integris, Best, The Netherlands). After selecting the same end-diastolic frames from both uoroscopic projections, splines A and B, which carry one and two additional radiopaque markers, respectively, were identi ed (Fig. 3A) . After labeling electrodes of these two splines, the other splines could be identi ed by comparing their relative position with the known position of the rst two splines. Each individual electrode and the central apical spline connector were marked and given two-dimensional coordinates in the RAO and LAO projections. A panel of three experienced interventional electrophysiologists veri ed correct identi cation of each electrode. Finally, by combining the data from the RAO and LAO projections, three-dimensional coordinates for each electrode were calculated, thereby allowing realistic anatomic rendering of the position and shape of the basket catheter in the left ventricle for each individual patient (Fig. 3B) . To be able to compare basket catheter activation mapping and
Figure 2. Database representing mean paced QRS integral maps previously acquired in patients with prior inferior myocardial infarction (IMI). Encircled numbers depict the location of pacing segments in a schematic overview of the endocardial surface of the left ventricle (LV) as de ned in the previously developed IMI (22 segments) database. Mean paced QRS integral database maps are displayed and matched to the endocardia l segment by the encircled number. Endocardial segments as de ned by
Josephson et al. 1 9 pace mapping data with ECG localization results, the location of each basket catheter electrode was mapped to an endocardial segment in one of the two databases of paced QRS integral maps.
are indicated by the uncircled numbers (12 segments). (Reproduced with permission from the American Heart
Endocardial data processing
A software package was developed for on-line data processing based on MatLab 5.1 (The MathWorks, Inc., Natick, MA, USA). 15 The surface Laplacian has been proposed to optimize the detection of small de ections in the endocardial unipolar electrograms. These small sharp de ections are believed to result from local events as opposed to larger, more accid, de ections, which are presumed to be caused by remote events. [16] [17] [18] The Laplacian suppresses remote de ections, but still has the characteristics of the unipolar electrogram. In contrast to bipolar electrograms, the Laplacian is direction independent. However, the surface Laplacian has only been validated for spatially dense electrode grids (interelectrode distances #1 mm), and no data on its value for electrode systems with interelectrode systems of 5 to 10 mm are available at present. Therefore, a coaxial electrogram was used in our study. This coaxial electrogram was constructed by subtracting the mean electrogram from the eight surrounding electrodes weighted for distance, from the unipolar signal recorded at the central electrode. This procedure is numerically equivalent to the surface Laplacian but differs from it by a factor that is determined by the electrode distances. Therefore, activation time parameters, such as zero line crossing, moment of dV/dt m in, and onset and offset of the electrogram are equal to those derived from a surface Laplacian. An example of activation sequences reconstructed with the aid of coaxial electrograms is shown in Figure 4 .
De nitions of Parameters and Related Terminology
VT was considered to be monomorphi c and sustained if it lasted for at least 30 seconds without signi cant changes in QRS morphology as monitored by 12-lead ECG. The local endocardial activation time was determined by the steepest de ection (dV/dt m in ) in the local electrogram. An endocardial breakthrough was de ned as an endocardial site where an activation wavefront emerged and from where it spread radially. The endocardial VT exit site was de ned as the site where the earliest endocardial breakthrough occurred relative to the onset of the QRS complex on the simultaneously recorded surface ECG. 19 An epicardial breakthrough was de ned as the absence of endocardial activity before or within 10 msec after the onset of the body surface QRS complex. If activation times of signals recorded at contiguous sites (7 to 9 mm apart) differed by 50 msec, conduction block was considered present. 20 
Statistical Analysis
All data were stored in a computerized patient record database. Data analysis was performed on a personal computer using the SAS System for Windows 6.12 statistical software package (SAS Institute, Cary, NC, USA). Data are given as mean 6 SD, unless stated otherwise. P , 0.05 was considered statistically signi cant.
Results
Patient Characteristics
Seventeen consecutive patients with documented infarctrelated sustained ventricular arrhythmias were eligible for the study. In 2 (12%) of 17 patients, no adequate deployment of the basket catheter could be obtained, whereas in 1 (6%) of 17 patients, only nonsustained VTs could be induced. These 3 patients were excluded from further analysis. The characteristics of the remaining 14 patients are listed in Table 1 . 
Correlation of VT Localization Using BSM and Basket Catheter Activation Mapping
A total of 17 sustained monomorphic VTs were localized using BSM and basket catheter activation mapping (Table  2 ). In 8 (47%) of 17 VTs, the endocardial exit site was located in the endocardial segment predicted by BSM, whereas in 2 other VTs (12%), the endocardial exit site was situated in a neighboring segment. Seven (41%) of 17 VTs originated from a segment remote from the segment identi ed by BSM. Therefore, in 10 (59%) of 17 VTs, BSM appeared to correctly localize or regionalize the actual endocardial VT exit site. An example of a matching VT site of origin is shown in Figure 5 .
BSM During Endocardial Pace Mapping
For a median of 30 of 64 electrodes (range 17 to 54), pacing capture could be obtained. This required a mean pacing current strength of 7.9 6 6.4 mA. Mean interval between the pacing stimulus and the onset of the body surface QRS complex was 36 6 20.4 msec. There was no signi cant difference in the mean stimulus-to-QRS interval between matching and nonmatching pace mappings (P 5 0.8). This implied that localization mismatch was not due to breakthroughs that were remote from the pacing site, as can be seen when stimulation occurs within the zone of slow conduction. A total of 322 paced QRS maps (median 46.2, range 17 to 54 per patient) were obtained. Mathematical correlation between each paced QRS integral map and the best matching mean paced QRS integral map from the reference database was 0.87 6 0.07 (range 0.48 to 0.98). For 189 (59%) of the 322 paced QRS integral maps, the uoroscopic position of the pacing electrode was located in the same endocardial segment as the best matching mean paced QRS integral map from the database. An adjacent segment of the database was found in 36 (11%) of 322 pacing sites. The database segment was located remote from the endocardial pacing site in 97 (30%) of 322 paced QRS integral maps.
Electrophysiologic Mechanisms Responsible for Mapping Mismatches
Endocardial activation patterns and electrogram distributions acquired during VT and pacing with the basket catheter were reviewed in detail to explain mismatches between sites of earliest endocardial activation identi ed with BSM and basket mapping. Three major mechanisms could be identi ed: extensive lines of conduction block, multiple endocardial exit sites, and regional differences in endocardial signal amplitude.
Conduction block
Substantial lines of conduction block were found in 2 (12%) of 17 VTs that were both obtained in patients with inferior myocardial infarction. These lines of block prevented radial spread from the earliest activated endocardial site. In 52 (16%) of 322 paced activation sequences, lines of block prevented radial spread from the area of initial activation. This resulted in a mismatch between the segment of earliest activation determined with BSM and the actual location of the pacing electrode on the basket catheter. At 36 (69%) of 52 pacing sites that were not correctly localized with BSM, the best matching database segment was situated remote from the pacing electrode, whereas in 16 (31%) of these 52 incorrectly identi ed pacing sites, the pacing location was localized to an adjacent database segment. An example of BSM mismatch as a result of conduction block is shown in Figure 6 .
Multiple endocardial breakthroughs
In 1 (6%) of 17 VTs that was obtained in a patient with previous anterior myocardial infarction (patient 7 in Table  2 ), two endocardial breakthroughs were found: one in the mid-anteroseptal area and the other near the posterior papillary muscle. Localization using the BSM database indicated a mid-inferoseptal segment of origin, which is located between the two actual endocardial breakthrough sites. During pace mapping, multiple breakthrough sites (i.e., two distinct sites with radial spread of activation) were found in 8 (2%) of 322 maps. In these cases, the site of stimulation appeared to be at a remote location with respect to the database segment identi ed with BSM. An example is shown in Figure 7 .
Differences in signal amplitude
In 3 (18%) of 17 VTs where the BSM database localized the site of origin to an adjacent endocardial segment, the electrogram amplitude at the endocardial segment of origin predicted by BSM was much larger than that measured at the true endocardial exit. At 73 (23%) of 322 pacing sites, differences in signal amplitude resulted in a mismatch between the two methods. The obtained database segment was remote in 52 (71%) of 73 incorrectly localized pacing sites. At 21 (29%) of 73 pacing sites, an adjacent database segment was predicted. An example of BSM mismatch caused by differences in magnitude of the endocardial potential is shown in Figure 8 .
Epicardial breakthrough
In 3 (18%) of 17 VTs, no clear reason for mismatch could be found by examining the endocardial spread of activation. Two of these three VTs were documented in patients with previous anterior myocardial infarction, and Table 2) 
, who had a previous anterior infarction. (A) Activation sequence of the left ventricle in right (RAO) and left (LAO) anterior oblique projections. Activation times in the isochrone maps are relative to onset of the body surface QRS complex and range from 2 ms (red) to 268 ms (blue). The VT exit site is located mid-septal at electrode A3 (origin of gray arrows). (B) VT QRS integral map, which is compatible with the mean paced QRS integral map belonging to segment AMI9 (correlation coef cient of 0.92) located in the midseptal wall, compatible with Josephson location 3.
Figure 6. Endocardial activation mapping and body surface mapping during ventricular tachycardi a (VT) in patient 2 (Table 2), who had a previous posterolateral infarction. (A) Activation sequence of the left ventricle in right (RAO) and left (LAO) anterior oblique projections. Activation times in the isochrone maps are relative to onset of the body surface QRS complex and range from 2 9 ms (red) to 127 ms (blue). The VT exit site is located basal and posterolateral at electrode A7 (origin of white arrows). A line of block extending from the basal posterolateral area to the apical posterolateral area (along spline B) can be noted (white dotted line). This line of block forces the activation front to propagate toward the anterolateral wall. (B) RAO basket projection has been mirrored computationall y in horizontal and vertical directions to provide a nonstandar d rear projection to demonstrate the area of interest, i.e., the line of block along the B spline. (C) VT QRS integral map, which is compatible with the mean paced QRS integral map belonging to segment IMI7 (correlation coef cient of 0.91) located at a remote segment in the basal anterior wall compatible with electrode 1 on spline G (Josephson location 12).
one VT was found in a patient with a prior inferior myocardial infarction. In these VTs, no early endocardial activity (i.e., within 10 msec after the onset of the body surface QRS) was noted. These ndings were considered to be suggestive of an epicardial or intramural exit.
Discussion
The present study shows that BSM indicated the correct left ventricular segment of initial endocardial activation in 50% to 60% of VT episodes and endocardial pacing sequences, whereas in an additional 10% to 20%, regional approximation was achieved. These localization results are comparable to previously reported retrospective data obtained in a similar patient cohort. 1 The earliest site of endocardial activation, subsequent spread of ventricular activation, and site of epicardial breakthrough all contribute to determining QRS morphology on the body surface ECG. To predict the earliest site of endocardial activation, one of the assumptions made in ECG is that the activation front during VT spreads out centrifugally and travels predominantly in a perpendicular fashion from the presumed endocardial breakthrough site to the epicardial surface. However, in postinfarction VT, the anatomic substrate often is extensively altered. Therefore, the spread of activation may deviate from its anticipated centrifugal pattern. This can give rise to alternative activation spread patterns after myocardial infarction. 8 It also has been shown that minor shifts in the endocardial exit site can lead to major differences in body surface ECG morphology if transmural spread of activation is not directly from endocardium to epicardium. [21] [22] [23] [24] Although this problem is partially circumvented by using BSM databases that are speci c for previous anterior or inferior myocardial infarction, it is conceivable that due to the complex anatomic nature of the postinfarction arrhythmogenic substrate, activation patterns may differ between individual patients. This may lead to incorrect BSM prediction of the presumed endocardial segment of origin of postinfarction VT. In our study, several patterns of activation were identi ed that can explain disparity in mapping outcome.
Electrophysiologic Mechanisms Causing Disparity Between BSM and Endocardial Mapping
Nonhomogeneou s spread of endocardial activation due to large zones of conduction block caused dissimilarity in mapping ndings in 2 (12%) of 17 VTs and 52 (16%) of 322 paced activation sequences. Zones of conduction block prevented radial spread of activation from the site of endocardial breakthrough. This also was observed in a canine infarct model where the extent of the line block was one of the causes of different scalar ECG morphologies during sustained VT. 25 Osswald et al. 24 showed in a similar experimental model that minor changes in the site of endocardial breakthrough can lead to different activation spread patterns and subsequent body surface ECG morphology.
Two separate endocardial breakthrough sites were found in only a minority of cases during pacing and VT. Multiple breakthrough sites in the postinfarction heart, especially after anterior myocardial infarction, have been reported during both sinus rhythm 8 and VT. 26 Because databaseguided BSM of postinfarction VT is developed to localize a single segment of earliest activation, simultaneous occurrence of $2 distant breakthrough sites, by de nition, will produce an incorrect localization result using the BSM approach. In our study, the segment of VT origin was, however, spatially localized by BSM between the two actual endocardial breakthrough sites.
In 15% to 20% of VT episodes or pacing sequences, the breakthrough site was situated in the infarct border generating small-signal amplitudes, whereas signal amplitudes were larger in other noninfarcted endocardial areas. Because high-voltage areas will generate more electromotive force on the surface ECG, they may partially suppress the lowvoltage information resulting from the true endocardial site of VT origin. Mathematical correlation between measured VT QRS integral maps and reference database mean paced QRS integral maps currently is obtained by computing the normalized inner product of the vectorized measured map and all vectorized reference database maps and selecting the highest correlation coef cient. 12 This makes the computational result more susceptible to the number, location, and magnitudes of the positive and negative extremes on the map. If the magnitude of the positive and negative extremes on the map differ considerably, the best mathematical match between the VT or paced QRS integral map and the reference database mean paced QRS integral map will be based primarily on the position of the larger extreme.
Although the reentrant circuit in postinfarction VT is believed to be located predominantly in the subendocardial layer, other mapping studies that combined endocardial and epicardial mapping have demonstrated that approximately 15% of VTs have a partially subepicardial circuit and an earlier epicardial breakthrough of the activation wavefront. 27 We did not nd clear early endocardial activity within 10 msec of onset of the body surface QRS complex in 18% of VTs. In these cases, an earlier epicardial or intramural exit site was believed to be present, although this could not be con rmed due to lack of epicardial activation data. Absence of early endocardial activation also may have been caused by insuf cient endocardial basket coverage of the endocardial exit site. However, the incidence of our ndings is similar to the incidence of early epicardial breakthrough of postinfarction VT reported in the literature. 27 
Methodologic Considerations in QRS Isointegral Mapping
Apart from electrophysiologic considerations, methodologic issues connected with reference database-oriented QRS isointegral mapping should be considered as well. Correct identi cation of the baseline and onset QRS are crucial for accurate computation of QRS areas intended for QRS integral map localization of sites of VT origin. Two major problems with baseline correction and identi cation of onset of the QRS complex are superposition of onset of the QRS complex on the T wave of the preceding QRS complex and nonsimultaneous departure of the QRS complex in different leads. Two separate cases should be contemplated. The rst case is when the VT under study does not have an extremely short cycle length. Then, usually an isoelectric interval between T wave and QRS onset can be identi ed, which can be utilized for baseline correction. Onset and offset QRS subsequently are chosen from an instantaneous isopotential map as the instant when the rst electrode has reached a value . 0.2 mV (onset) and the instant when each lead has dropped to , 0.2 mV (offset), respectively. In this case, nonsimultaneous departure of the QRS complex will not be of great in uence because the integral of the QRS complex is used. The contribution of the integral of a prolonged isoelectric interval before onset QRS in an individual lead with late QRS departure to the entire QRS integral will be approximately zero. It is possible that in leads with earliest QRS complex departure, a small post J-point part of the ST-T segment is integrated, but because voltages in the early ST-T segment usually are low, the integral of these early ST-T segment parts over a small time interval will be negligible compared with the magnitude of the QRS integral.
The second case is when the VT under study has a short cycle length and there is no clear isoelectric interval between the T wave end and onset QRS. VTs of this particular rapid rate usually will be sinusoid in shape with QRS complex and T wave morphology that are approximately similar but opposite in sign. Baseline correction points subsequently are chosen at best clinical judgment. The possibility remains that-due to con uence of QRS complex and T wave and nonsimultaneous QRS complex departure-unequal parts of the T wave are integrated with the QRS complex in different leads. However, in these leads with late QRS departure, unequal parts of the terminal QRS complex will not be included in the QRS integral. This will amount to approximately the same absolute value as the additional area of the T wave end that was erroneously added in these leads because the T wave has approximately the same shape as the QRS complex. We believe these errors of measurements will approximately annihilate each other, because the QRS complex and T wave are of opposite sign. This will still allow QRS integral map localization by reference database comparison.
Study Limitations
The basket catheter used in this study is introduced in the left ventricle in a collapsed state. Before it is capable of providing high-resolution mapping of endocardial activation, it has to be fully deployed in the left ventricle. To reliably locate the exit site of VT, adequate endocardial basket catheter coverage of the exit site area is mandatory. Because complete deployment of the catheter is not always feasible, endocardial VT breakthrough sites located in uncovered endocardial regions may have not been recorded. To prevent this, only 14 of 17 patients in whom deployment of the catheter was thought to be adequate were included; 2 patients with imperfect catheter positioning were omitted from further analysis. In addition, localization differences were studied during basket pacing. When endocardial pacing is performed and capture is obtained, the exact site of earliest endocardial activation is the uoroscopic location of the basket catheter electrode. Therefore, endocardial basket coverage is less an issue during endocardial pacing.
No simultaneous epicardial mapping was performed; therefore, VTs with an epicardial exit site may have been wrongly classi ed as VTs where the BSM localization and endocardial exit site did not match. In 3 of 17 VTs in our series, no early endocardial breakthrough could be detected; therefore, an epicardial exit was believed to be present.
Clinical Application of BSM
BSM has been used previously to guide ventricular arrhythmia surgery. In our study, BSM has proven to identify or approximate the segment containing the VT exit site in 70% to 80% of cases. Because the surgeon can ablate the reentrant circuit more substantially than the more circumscribed thermal lesion produced during radiofrequency ablation, the resolution offered by BSM appears to be sufcient. 28 In a previous study, BSM has proven to be of great clinical utility in guiding radiofrequency ablation of idiopathic VT. 5 The mapping results in that study are highly comparable to the localization results in our study. Peeters et al. 5 compared reference database-guided BSM with endocardial pace mapping in the same patient. The same endocardial segment was found in 53% of VTs, and 47% of VTs were mapped to an adjacent endocardial segment. It should be noted that the patients involved in this study did not have any structural heart disease. Therefore, it can be expected that activation spread patterns were not in uenced by altered anatomy of the left or right ventricle. Furthermore, when using pace mapping in combination with BSM and comparing the paced maps with the QRS integral map of VT induced in the same patient, as done in the study of Peeters et al., 5 each patient was used as his or her own reference. Because all map comparisons are done in the same patient, i.e., the same electrophysiologic substrate, discrepancies due to differences in torso, heart geometry, and individual activation spread patterns are no longer relevant.
Reference database-guided BSM is a noninvasive tool that can greatly facilitate mapping of postinfarction VT, including hemodynamic unstable and nonsustained VTs. In the normal left ventricle, BSM offers high spatial mapping resolution that is appropriate to directly guide radiofrequency ablation. However, changes in activation spread patterns in the structurally altered postinfarction heart cause BSM to provide inaccurate results in 20% to 30% of the localized VTs.
